Objective We sought to classify causes of stillbirth for six lowmiddle-income countries using a prospectively defined algorithm.
Introduction
Globally, stillbirth rates remain high in resource-limited settings with few global estimates of cause of stillbirth published. [1] [2] [3] Knowing the medical causes of stillbirth is important for development of strategies to reduce stillbirths. [4] [5] [6] To date, over 50 stillbirth classification systems have been developed, [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] most requiring extensive diagnostics and most relevant in high-income countries (HIC). Additionally, systems vary in definitions of primary and secondary causes, associated causes, contributing causes, underlying cause and preventable causes. Few systems have been developed for low/middle-income countries (LMIC) where diagnostic tools such as autopsy or placental histology are usually unavailable. Examples of systems include Frøen et al. ' s Cause of Death and Associated Conditions (CODAC) system, which focuses on perinatal death and includes 10 categories 19, 20 and Neonatal and Intrauterine deaths Classification according to Etiology (NICE), including 13 causes for perinatal death. 22 However, to date, these systems have only been used in small studies in LMIC and generally do not distinguish between stillbirth and neonatal deaths to characterise aetiology. [20] [21] [22] [23] [24] Determining cause of stillbirth has historically been challenging, as the fetus is not directly observed when death occurs and the pathway to death is often unclear. 5 Thus, cause has often been defined by maternal or obstetric conditions that may be associated directly or indirectly with the fetal death. [25] [26] [27] In LMIC, common clinical conditions associated with stillbirth include prolonged and obstructed labour, pre-eclampsia/eclampsia, multiple births, and abnormal presentations. Most stillbirths associated with these conditions are caused by diminished placental or fetal blood flow and fetal asphyxia is the final common pathway leading to death 25, 28 Stillbirths are also classified as macerated or non-macerated stillbirths, with the former generally occurring more than 24 hours before delivery. 29 Nonmaceration suggests that the death likely occurred during labour. Recognising these limitations, the World Health Organization (WHO) has established an international classification of diseases (ICD) perinatal mortality system, which examines the timing of the perinatal death, associated maternal conditions, and cause of perinatal death. 30, 31 However, the factors used to determine cause of death vary.
To improve upon existing systems to determine cause of stillbirth in LMIC, we developed a hierarchal classification system, the Global Network Classification System, 32 which relies exclusively on readily available clinical data. Our objective for this analysis was to determine cause of stillbirth across sites in six LMICs and to compare these results with current evidence.
Methods
The study was conducted in seven sites in six LMICs: India (two sites: Nagpur, Belagavi), Pakistan, Guatemala, Democratic Republic of Congo (DRC), Kenya and Zambia. Data were collected as part of the Global Network's Maternal and Newborn Health Registry (MNHR), a populationbased registry of all pregnant women residing in designated regions. The MNHR includes pregnancy-related data as well as outcomes from consenting women through to 6 weeks postpartum. 33, 34 Registry Administrators (RAs), who are trained staff (generally nurses or health workers), identified and obtained consent and basic demographic data from pregnant women, and gathered the perinatal and maternal outcomes at delivery, with additional follow-up visits conducted at 6 weeks postpartum. For any woman who experienced a stillbirth, a cause of stillbirth form was completed by a trained RA to document systematically additional potential risk factors. Methods for the registry and cause of death study are described in detail elsewhere. 33 This analysis used cause of stillbirth data collected from 2014 (start dates varied by study site) through 31 December 2015.
The stillbirth classification algorithm
Stillbirths were defined as deaths in utero occurring at 20 weeks' gestation or greater. 1 The definitions for each cause were defined (Table S1) . 32 The algorithm ( Figure S1 ) first determines whether the stillbirth was associated with maternal or fetal trauma (i.e. assault, suicide, accident, fetal trauma); if so, the cause of death is classified as trauma. If no trauma was identified, and there is a major (visible) congenital anomaly, this is defined as the cause of the stillbirth. If neither of these conditions is identified and signs of maternal or fetal infection such as malaria, syphilis or fetal or vaginal odor are present, the stillbirth is classified as due to infection. If none of these is present and any maternal or fetal condition associated with intrauterine asphyxia is present, asphyxia is determined as the cause. Finally, because very preterm fetuses may die due to trauma or asphyxia associated with labour, preterm birth is listed as the cause of death if none of the prior conditions was present and the stillbirth was <32 weeks and nonmacerated. 35 If none of these conditions was identified, the stillbirth was classified as unknown cause.
Ethics approval
The institutional review boards and ethics committee at the participating study sites and their affiliated U.S. partner institutions and the data coordinating centre (RTI International) approved the study. All women provided informed consent to be part of the study.
Results
In all, 112 768 pregnant women were screened in 2014-2015, and of those 111 883 (99.7%) consented and enrolled in the registry. Of these women, 103 409 delivered at ≥20 weeks' gestation and were eligible for the stillbirth cause of death study. Deliveries ranged from 19 685 in Pakistan to 10 366 in Zambia (Table 1) . Hospital deliveries occurred for 42.8% of births (ranging from 74.7% in Nagpur to 9.7% in DRC), 34.5% occurred at health centres (ranging from 63.3% in DRC to 1.0% in Guatemala) and 22.7% of the deliveries occurred in home settings (ranging from 35.4% in Pakistan to 0.6% in Nagpur). For women delivering a stillbirth, delivery at a hospital was slightly more common at each of the sites compared with all births.
From 2014 to 2015, the study included 2847 stillbirths. The stillbirth rate was 27.2 per 1000 births, ranging from 43.5 per 1000 in the Pakistan site to 13.6 per 1000 in the Zambia site. During that period, the overall stillbirth rates declined about 10%, from 28.7 to 26.2 per 1000 births, in 2014 and 2015, respectively. Overall, 6.6% of stillbirths were multiple gestations, ranging from more than 11% in the DRC site to approximately 4% in the Kenya, Zambia and Pakistan sites.
Across all sites, 46.6% of stillbirths were attributed to asphyxia, 21.3% to infection, 8.4% to congenital anomalies and 6.6% to prematurity ( Figure 1 ). No cause was assigned in 17.1% of stillbirths. No stillbirths were attributed to maternal trauma or accident. The cause of stillbirth varied by site, although for the most part, the proportion of stillbirths attributed to each cause was relatively similar, with a few notable exceptions (Table 1) . Asphyxia was identified as the cause of stillbirth for 56.7% of stillbirths in Zambia compared with 28.2% in DRC. Infection had the greatest variation in the proportion of stillbirths and was estimated as a cause of stillbirth from 55.7% of stillbirths in DRC to 2.6% in Nagpur, India. Congenital anomalies were identified as the primary cause for 19.6% of stillbirths in Belagavi, India, compared with 5% or less in the African sites. Finally, prematurity was considered the cause of stillbirth for about 10% in both India sites but 4% or less in the Zambian and Kenyan sites.
We next examined the presence of several maternal conditions by cause of stillbirth (Table 2) . Of the 2883 women with a stillbirth, 1400 (48.8%) had one or more of the maternal antepartum conditions including pre-eclampsia/ eclampsia (10.1%), antepartum haemorrhage (11.6%), prolonged or obstructed labour (21.9%), abnormal lie (10.2%), and maternal infection (9.4%). When preeclampsia/eclampsia, antepartum haemorrhage or prolonged or obstructed labour was present, about 80% of the stillbirths were classified as having asphyxia as the cause of death. Of the stillbirths with breech or abnormal lie, 62.8% were classified as having asphyxia as the cause of death. Of those stillbirths where there was evidence of maternal infection, 83.6% were classified as the death due to infection. Among those stillbirths classified as asphyxia-related deaths, 38.0% had obstructed or prolonged labour, 19.2% had antepartum haemorrhage and 18.4% had pre-eclampsia/ eclampsia ( Figure S2 ). Among those with asphyxiaattributed stillbirth, 23% had no maternal condition identified but did have a fetal condition such as fetal distress or cord prolapse.
Finally, we examined the cause of stillbirth versus the presence or absence of signs of maceration (Table 3) . Among all stillbirths, 67.8% did not have signs of maceration, with the death likely to have occurred <12-24 hours prior to delivery. There were important differences in the cause of death between macerated and non-macerated stillbirths. If the fetus was macerated, the cause of stillbirth was nearly equally divided among infection, asphyxia and unknown, with a smaller proportion due to a congenital anomaly (10.8%). If the fetus was not macerated, the majority of deaths were caused by asphyxia (55.4%), with smaller percentages due to infection (16.1%), unknown (11.8%), prematurity (9.7%) and congenital anomalies (7.2%). Thus, macerated stillbirths were more likely due to infection or having an unknown cause, whereas among those not macerated, asphyxia was the most common cause. Among those classified as asphyxia-related stillbirths, 80.5% were non-macerated, whereas among those with infection, 31.3% were macerated.
Discussion

Main findings
The overall stillbirth rate of 27.2 per 1000 is similar to those reported for LIC and somewhat higher than the estimated world average of about 20 per 1000 births. 1 The Pakistan site recorded the highest rate (43.5 per 1000) followed by the DRC site (38.6 per 1000) and Kenya (22.8 per 1000), also similar to the regional stillbirth patterns reported. 1 Classifying stillbirths by maceration status and by cause of death provides some interesting observations and potential validation for the system. The fact that most deaths classified as asphyxia-related were non-macerated, suggests that they occurred during labour, consistent with many observations about intrapartum deaths. 22 Our system classified macerated stillbirths more commonly as infectionrelated or of unknown aetiology, which also appears consistent with previous reports. 3, 29 In this analysis, all stillbirths classified as preterm in origin were non-macerated, suggesting that they mostly occurred in labour and were due to the fetus not being able to tolerate the preterm labour. 35 Using this system, we found the major cause of stillbirth to be asphyxia (46.6%), with infections contributing to 21%. Congenital anomalies represented 8.4% of all causes, with Belagavi, India having a substantially higher proportion (nearly 20%) due to congenital anomalies. A prior study conducted at this site in India found 24% of pregnant women were in consanguineous partnerships, which is a high risk for birth defects. 36 Finally, in this study, prematurity was responsible for nearly 7% of all stillbirths.
However, we also observed important regional differences. Infection was the leading cause of stillbirths in the DRC site (55.7%), one-third of the stillbirths in western Kenya and 17.9% in Zambia. Thus, the top three sites with the largest percent of infection-related stillbirths were all in sub-Saharan Africa. Congenital anomalies represented a higher proportion of the stillbirths in the Indian sites and Guatemala relative to the sites in Africa.
Asphyxia appeared to cause a substantial proportion of stillbirths across all sites. Among those with asphyxia as a cause of stillbirth, obstructed or prolonged labour was present among 38%, antepartum haemorrhage was present for 19% and pre-eclampsia or eclampsia was present among 18% of those with stillbirth. About one-fourth of the stillbirths attributed to asphyxia had no specific maternal condition identified but did have a fetal condition such as cord prolapse or fetal distress identified. Seventeen percent of stillbirths had no attributable cause identified using the algorithm.
Strengths and limitations
There are a number of weaknesses and strengths associated with the Global Network Stillbirth Classification System and its use in this study. Most important, the cause of stillbirth attributed in this system has not been validated with fetal autopsy, culture or other, more sophisticated techniques, as the gold standard. 15, 37 To address this gap, future analyses are planned to validate the Global Network system with other sources, especially where autopsy and other sophisticated testing are available to confirm cause of stillbirths. 15 Also, because fetal monitoring is generally not performed in these settings, we do not attempt to quantify the number of stillbirths associated with fetal distress, which is a common consideration in many stillbirths. We also recognise that this system is necessarily a simplification and, as a result, subtle or rare causes of stillbirth may be missed.
For a few of the categories, among the sites, there are also fairly large differences in the percent of stillbirths attributed to various causes which may be a result of site ascertainment differences due to a number of factors. For example, infection as a cause of death may be especially variable among sites with different access to tests and laboratory capabilities varying by study site. Thus, the extent to which the differences in reported infection reflect local health facility access and capability is also unknown. This system also omits categorising social or other factors that may contribute to stillbirth in low-resource settings. However, within these limitations, the major causes of stillbirth related to pregnancy appeared to be generally consistent with other external sources of cause of death data.
The strengths of our methodology are consistency, transparency, and comparability across time or regions. The methodology places little additional burden on the healthcare system. This system uses minimal, basic data from the mother, family or lay-health providers without reliance on laboratory tests, placental examinations or autopsies to determine cause of stillbirth using well-established categories. Because we use these data to assign cause of stillbirth by an algorithm, potential sources of inconsistency and bias from clinician or lay coders are reduced. In addition, using this system, we identified the maternal conditions that also were present among women having a stillbirth. Finally, the Global Network system uses principles that are consistent with the WHO's development of the perinatal mortality classification system. 30 
Interpretation
To date, only a relatively small number of stillbirth cause of death studies using a variety of classification systems have been completed in LMIC. For example, a study in India using CODAC to classify 87 stillbirths found that prolonged labour, hypertension in pregnancy and congenital anomalies were the main causes of stillbirth. In that study, nearly half of all stillbirths were intrapartum. 20 In Tanzania, a 10-year study of nearly 2000 perinatal deaths (including 1219 stillbirths) used the NICE classification and also found that obstructed/prolonged labour and hypertension were the leading maternal conditions associated with perinatal death. 22 About one-fifth of the deaths occurred among women referred to the health facility for an obstetric or medical complication. Allanson et al. 24 have completed a recent study of cause of perinatal mortality (n = 687) in South Africa. They noted, similar to our study, a high rate of intrapartum deaths (non-macerated stillbirths) and, similar to other studies, found that haemorrhage and hypertension were the main maternal conditions identified among stillbirths. However, as we found, a substantial proportion of all stillbirths-nearly half-occurred among women with no apparent obstetric complication.
The concept of 'preventable stillbirths' has been highlighted in the recent Lancet stillbirth series.
2 Similar to our study, the group estimated that only 7.4% of stillbirths are associated with congenital anomalies and that the majority of stillbirths, especially in LMICs, are preventable with appropriate care. Our study confirms this opinion, as we found that most stillbirths were not macerated and were associated with obstetric conditions that if treated appropriately would prevent the stillbirth.
Conclusion
In summary, when using this system to classify causes of stillbirth, we found asphyxia as the most common cause. These stillbirths were associated with a number of major obstetric conditions, including obstructed and prolonged labour and pre-eclampsia/eclampsia. However, nearly half of all stillbirths were not associated with an identifiable maternal condition. In addition, the majority of stillbirths lacked signs of maceration and likely occurred during labour, and thus many of the stillbirths should be preventable with appropriate obstetric labour and delivery care. Our study reinforces the importance of a system to classify cause of stillbirth that is reliable across low-resource settings to inform effective interventions in order to ultimately reduce preventable stillbirths.
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